This study purposed to explore the correlation between miR-129-5p and TGIF2 and their impacts on glioma cell progression. Differentially expressed miRNA was screened through microarray analysis. MiR-129-5p expression levels in glioma tissues and cells were measured by qRT-PCR. CCK-8 assay, flow cytometer, transwell assay and wound-healing assay were employed to detect cell proliferation, apoptosis and cycle, invasiveness and migration, respectively. Dual-luciferase reporting assay was performed to confirm the targeted relationship between miR-129-5p and TGIF2. The effects of TGIF2 expression on cell biological functions were also inves- 
non-small cell lung cancer by down-regulating RGS17. 6 Previous studies have also provided some novel perspectives for the therapy of human glioma based on the modulating mechanism of miRNAs.
For instance, miR-145 could induce glioma cell apoptosis by targeting BNIP3 and Notch signalling, 7 while miR-543 could suppress glioma in vitro and in vivo. 8 MiR-129-5p is an essential member of miR-129 family. 9 Dysregulation of miR-129 family members has been investigated in various cancers such as human prostate carcinoma, 10 breast cancer, 11 lung cancer, 12 gastric cancer. 13 Some researchers have also explored the mechanisms of miR-129 family members in affecting the glioma cell processes. For example, Kouhkan et al reported that miR-129-1 acted as a suppressor in glioblastoma cells through targeting IGF2BP3 and MAPK1 14 and miR-129-2 targeting HMGB1 was reported by Yang et al 15 Xu et al also reported that miR-129-5p inhibited glioblastoma cell viability and metastasis by targeting FNDC3B. 9 Despite the antecedent studies, researches on the specific mechanism of miR-129-5p regulation in glioma cells are still insufficient.
Transforming growth factor-beta-induced 2 (TGIF2), whose overexpression was first identified in ovarian cancer, had been reported in studies concerning various malignancies. 16 While few study investigated the mechanism underlying TGIF2 and glioma. According to the reports of Jin et al, TGIF2 mRNA was detected at high level at E12.5 and E15.5 in the mice nervous system, which might participate in the regulation of neural stem cell. 17 And there is a similarity between neural stem cell and glioma stem cell. Therefore, this study analysed the TGIF2 effects on glioma cells activity. On the other hand, accumulating evidence showed that the regulatory mechanisms of some mRNAs in certain cancers were associated with TGIF2, such as miR-541-3p in non-small cell lung cancer, 16 miR-148a in skin cancer 18 and miR-34a in gastric cancer. 19 Generally, TGIF2
was found up-regulated in these tumours and acted as an antagonist of relative tumour-suppressing miRNAs. 16, 18, 19 But the correlation between TGIF2 and miR-129-5p still remains unknown. Based on the importance of TGIF2 and previous researches, we employed experiments regarding the molecular network of TGIF2 and miR-129-5p in glioma.
In this study, we purposed to explore the mechanism of miR-129-5p on glioma cell processes. We measured the expression levels of miR-129-5p in both cells and tissues and demonstrated its association with glioma cell progression. In addition, we investigated the relationship between miR-129-5p and TGIF2 and explored their impacts on glioma cell progression. 
| MATERIALS AND METHODS

| Tissue samples
| Microarray analysis
The three pairs of tissue samples were randomly analysed. Total extracted RNA was analysed through Affymetrix Multispecies miRNA-4 Array (Affymetrix, Santa Clara, CA, USA) and quantified by Spectrophotometry and Agilent Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). R program and Bayesian test were used for the screening of differentially expressed genes based on the criteria of over twofold difference and P-value < .05. 
| QRT-PCR
| Flow cytometric analysis
Collected cells were fixed with 75% ethanol at 4°for 1 hour and washed with phosphate-buffered saline (PBS) three times before adding 1 mL PBS containing 40 lg propidium iodide (PI) and 100 lg 
| Transwell assay
The Matrigel (BD, USA) melted at 2°to 8°overnight and was mixed with triple-volume serum-free medium and added into 24-well transwell chambers (50 lL per well). After incubation for 30 minutes, 250 mL of 10% FBS DMEM was added to the lower chambers, and 
| Dual-luciferase reporter assay
As shown in TargetScan (http://www.targetscan.org/), TGIF2 is one of miR-129-5p's targets. TGIF2-3 0 UTR was mutated using multisitedirected mutagenesis. 3 0 UTRs (wild and mutated type) were introduced into pmirGLO vector (Promega, Madison, WI, USA).
MiR-129-5p mimics or mocks and TGIF-2-wt or TGIF-2-mut 3 0 UTRs were co-transfected into cells. Relative Luciferase activity was detected 48 hours after transfection.
| Western blot
The concentration of extracted protein was quantified with Pierce BCA Protein Assay Kit (Pierce, Rockford, IL, USA). After segregated by SDS-PAGE, proteins were transferred to PVDF membrane (Invitrogen) and blocked in Tris-buffered saline-Tween (TBST) with 5% skim milk at room temperature for 1 hour. Subsequently, the proteins were first cultured with primary antibodies (Rabbit Anti-Human TGIF2, BOSTER Biological Technology Co.
Ltd., Wuhan, China, 1:500) at 4°overnight, and then the secondary antibodies (Peroxidase AffiniPure Goat Anti-Rabbit IgG, Three paired glioma samples were analysed through microarray analysis to screen out differentially expressed miRNAs ( Figure 1A ,B).
MicroRNAs with |log2(FoldChange)|>2 and adjusted P value < .01
were identified and plotted as heat map. Statistical analysis showed that miR-129-5p was down-regulated in the glioma samples. According to qRT-PCR results, compared with the normal brain tissues, miR-129-5p expression level in glioma tissues was considerably lower (P < .05, Figure 1C ). MiR-129-5p expression level was also remarkably lower in glioma cells in comparison with normal glial cells (P < .05, Figure 1D ). Results of qRT-PCR validated the down-regulation of miR-129-5p in glioma tissues and cells.
3.2 | MiR-129-5p overexpression impeded the multiplication and metastasis of glioma cell lines U87 and U251
MiR-129-5p overexpression or knockdown in glioma cells U87 or U251 were established by transfection (P < .05, Figure 2A ). Results of CCK-8 assay showed that cell viability in anti-miR-129-5p group was significantly stronger, while that in miR-129-5p overexpression group was much weaker compared with the mock group (P < .05, Figure 
| MiR-129-5p induced the apoptosis and blocked the cell cycle of U87 and U251
Flow cytometric analysis showed that cell apoptosis rate was notably higher in miR-129-5p overexpression group while was lower in antimiR-129-5p group compared with the mock group, indicating that overexpression of miR-129-5p induced the apoptosis of glioma cells U87 and U251 (P < .05, Figure 3A ). In addition, the results of cell cycle distribution indicated that the cell cycle progression of cells in miR-129-5p group was arrested in G0/G1 phase (P < .05, Figure 3B ). The above results showed that miR-129-5p promoted glioma cell apoptosis and arrested cell cycle at G0/G1 phase. 
| Targeting relationship between miR-129-5p and TGIF2
To further investigate the underlying mechanism of miR-129-5p's function, TargetScan Database (http://www.targetscan.org/) was employed to predict the potential targets. Combining the literature search and the expression measurement, TGIF2 was selected, and the wild-type and mutated 3 0 UTR were subcloned into pmirGLO vector ( Figure 5A ). The targeting relation between miR-129-5p and TGIF2
was validated by dual-luciferase reporter assay (P < .05, Figure 5B ).
According to the qRT-PCR results, TGIF2 was overexpressed in glioma tissues (P < .05, Figure 5C ), and its expression in glioma cells U87, U251, A172, U373 and SHG44 was dramatically higher than that in normal cell HA (P < .05, Figure 5D ). Western blot assay also indicated that TGIF2 protein expression levels were much higher in the five glioma cell lines than that in normal cell HA (P < .05, Figure 5E ). Compared with the mock group, dramatically lower protein expression levels of TGIF2 were displayed in the miR-129-5p overexpression cells while higher protein expression levels were displayed in miR-129-5p knockdown cells (P < .05, Figure 5F ), suggesting that miR-129-5p
could regulate TGIF2 expression in U87 and U251.
| TGIF2 stimulated glioma cell multiplication and metastasis
The results of qRT-PCR indicated that TGIF2 mRNA expression was promoted by TGIF2 cDNA, while impeded by TGIF2 shRNA The expression of TGIF2 was higher in five glioma cell lines (U87, U251, A172, U373 and SHG44) than that in normal cell line HA. *P < .05, compared with HA cell lines. (E) TGIF2 protein expression was higher in five glioma cell lines (U87, U251, A172, U373 and SHG44) than that in normal cell line HA. *P < .05, compared with HA cell lines. (F) In cell lines U87 and U251, the protein expression of TGIF2 was significantly higher in anti-miR-129-5p group while was lower in miR-129-5p overexpression group. *P < .05, compared with mock group whereas that in TGIF2 knockdown group was much lower compared with the mock group (P < .05, Figure 6D -F). Meanwhile, there was no significant difference between TGIF2 shRNA + anti-miR-129-5p group and mock group. In transwell assay, more invaded cells were seen in TGIF2 overexpression group while much less cells penetrated across the membrane in TGIF2 knockdown group compared with the mock group (P < .05, Figure 6G ,H). In addition, the inhibitory effect of TGIF2 shRNA on cell invasion was impaired by anti-miR-129-5p.
These results denoted that TGIF2 promoted U87 and U251 cell migration and invasion, and anti-miR-129-5p could reverse the negative effect of TGIF2 shRNA on cell metastasis. All the results above demonstrated a negative correlation between TGIF2 and miR-129-5p
with regard to their impacts on glioma cell functions.
| TGIF2 inhibited U87 and U251 cells apoptosis and promoted cell cycle
For further investigation into the impact of TGIF2 on cell functions, the cell apoptosis and cell cycle distribution were also detected in the TGIF2 overexpression and knockdown cells. The results demonstrated that overexpression of TGIF2 decreased cell apoptosis rate, while the inhibition of TGIF2 accelerated the apoptosis of glioma cells, which was impeded by anti-miR-129-5p (P < .05, Figure 7A ).
Meanwhile, down-regulation of TGIF2 arrested cell cycle at G0/G1
phase while anti-miR-129-5p reversed the impacts of TGIF2 shRNA on cell cycle (P < .05, Figure 7B ). The above results showed that TGIF2 induced the development of tumours, which was exactly F I G U R E 6 TGIF2 promoted the proliferation, migration and invasiveness of U87 and U251. (A) Glioma cells of TGIF2 overexpression and knockdown were established. (B-C) CCK-8 assay showed that cell viability was significantly stronger in TGIF2 overexpression group while was weaker in TGIF2 knockdown group, and there was no significant difference between TGIF2 shRNA + anti-miR-129-5p group and mock group. (D-F) Woundhealing assay showed that cell migration rate in TGIF2 overexpression group was remarkably higher, whereas that in TGIF2 knockdown group was much lower, and there was no significant difference between TGIF2 shRNA + anti-miR-129-5p group and mock group. (G-H) More invaded cells were observed in TGIF2 overexpression group while the number of invaded cells in TGIF2 knockdown group was significantly lower compared with the mock group, and there was no significant difference between TGIF2 shRNA + antimiR-129-5p group and mock group. *P < .05, compared with mock group contrary to the biological functions of its targeting regulator miR-129-5p.
| DISCUSSION
According to the experiment results in our study, the expression of miR-129-5p was suppressed in glioma tissues and cell lines. For example, mRNAs like miR-105 and miR-592 were reported to inhibit glioma cell malignancy, 20, 21 while some other mRNAs like miR-21 and miR-183 promoted the metastasis of glioma cells. 22, 23 Previous studies had revealed the suppressive role of miR-129-5p in several malignancies such as chondrosarcoma, gastric cancer and laryngeal cancer. [24] [25] [26] In our study, we attempted to elucidate the biological function of miR-129-5p in human glioma. We revealed the down-regulation of miR-129-5p in human glioma tissues and cells and the remarkable suppressive effects of miR-129-5p F I G U R E 7 TGIF2 inhibited cell apoptosis and blocked cell cycle of U87 and U251. (A) Cell apoptosis rate was notably higher in TGIF2 knockdown group while lower in TGIF2 overexpression group, and there was no significant difference between TGIF2 shRNA + anti-miR-129-5p group and mock group. (B) Down-regulation of TGIF2 arrested cell cycle in G0/G1 phase and there was no significant difference between TGIF2 shRNA + anti-miR-129-5p group and mock group. *P < .05, compared with mock group overexpression on glioma cell progression and tumour growth. The results we obtained were consistent with what Xu et al demonstrated in their study, 9 signifying the repressive effects of miR-129-5p in human glioma.
To explicate the specific regulatory mechanism of miR-129-5p in glioma cell progression, Xu et al identified its targeting gene FNDC3B, while we centred on the interaction between miR-129-5p
and another targeting gene TGIF2. Previous studies had also revealed that TGIF2 could be targeted and regulated by various mRNAs in different cancers. For example, Wang et al observed that the up-regulated TGIF2 would be restrained by miR-34c restoration in hepatocellular carcinoma 27 and miR-148a was reported to moderate ovarian cancer cell multiplication and invasion by interacting with TGIF2. 28 Our study first demonstrated the role of TGIF2 in human glioma. In this study, we ascertained the targeting relationship between miR-129-5p and established TGIF2 overexpression and knockdown cells to investigate its impact on glioma cell processes.
The experiment results showed that TGIF2 overexpression promoted the propagation of glioma cell. Collectively, all the results suggested the negative correlation between miR-129-5p and TGIF2
and their opposite effects on glioma initiation and development.
Undoubtedly, insufficiencies still existed in our study. For example, in vivo experiments directly detecting the impact of TGIF2 modulation on glioma tumorigenesis was lack. Besides, TGIF2 is not the only target gene of miR-129-5p, and other molecular mechanisms should be further investigated to adequately understand the functions of miR-129-5p in human glioma.
| CONCLUSION
Collective data supported the suppressive role of miR-129-5p on glioma both in vitro and in vivo. By targeting TGIF2, miR-129-5p was proved to suppress the cell proliferation, migration, invasion, induced cell apoptosis and G0/G1 cell cycle arrest. The novel findings shed new light on potential therapeutic strategies for glioma treatment.
